Stress and negative emotions pose a major threat to public health, by increasing the risk of obesity. Since the management process for emotions (emotion regulation; ER) is developed in childhood, we present a novel conceptual framework model for the role of ER in the prevention and treatment of childhood obesity. A narrative review of the literature by electronic database search (MEDLINE, Web of Knowledge and Scopus) was conducted of observational and interventional/experimental literature on ER and obesity and the underlying concepts. We also present an overview of ER intervention techniques. Our model indicates that childhood ER is a link between stress and obesity. Stress along with ineffective ER leads to abnormal cortisol patterns, emotional eating, sedentary lifestyle, reduction of physical activity, and sleep problems. Simultaneously, a healthy lifestyle could show benefits on ER and in developing adaptive ER strategies. In the development of obesity and ER, parents also play a role. By contrast, effective ER skills decrease obesity-related unhealthy behaviour and enhance protective factors, which boost health. The literature contains some observational studies of children but very few intervention studies, most of which are pilot or on-going studies. In conclusion, encouraging effective ER could be a useful new approach for combating and treating childhood obesity. Future ER intervention studies are needed to confirm the validity of this model in children.
Introduction
The epidemic of overweight and obesity in children observed in recent years calls for a better understanding of the associated risk factors (1) . It is generally accepted that the main lifestyle factors related to the rising prevalence of obesity derive from an imbalance in energy homeostasis caused by increased energy intake and/or sedentary behaviour. Despite lifestyle-based campaigns and interventions in children, adolescents and their parents, the prevalence of obesity has not decreased (2) . Therefore, new approaches are needed for prevention and treatment.
The potential role of psychological and emotional distress in obesity development has been less extensively researched (3) , but a generally positive relationship was found between negative affect or stress in children and weight gain (see Table 1 ) . This is particularly relevant because mental disorders affect 10-20 % of children and adolescents worldwide (28) and 47·7 % of the children in a European study presented psychosomatic or emotional symptoms (29) . Being more vulnerable to develop mental disorders or being more susceptible to stress could be followed by a poor emotion regulation (ER) (30) . As it has been suggested in adult populations, a poor ER may entail the use of maladaptive strategies to manage with emotions for example, by using food (31) (32) (33) .
Since the manner how they deal with emotions might contribute to obesity, children should acquire efficient emotion management at an early age. Research into the relationship between ER and energy homeostasis could be extremely useful for designing preventive and treatment-based obesity programmes.
The present review discusses current literature on ER and obesity in childhood. Based on a non-systematic and narrative review, we present a novel conceptual framework for the role of ER in weight gain and obesity, discussing the potential underlying factors and their implications for prevention and treatment.
Nutrition Research Reviews Table 1 . Overview of studies about child and adolescent stress and negative affect as predictors of weight gain/overweight/obesity: prospective studies 
Emotion regulation

Definition of emotion regulation
ER is a growing field within psychology and holds a central role in all the psychological areas including health, development, clinical, social and personality as well as in a variety of other disciplines (34) . ER can be broadly defined as the set of strategies used to maintain a positive affective status or improve or suppress a negative affective status in stressful and non-stressful circumstances (35, 36) . Nevertheless, there is no single, unified approach of ER. One of the first definitions was given by Thompson (37) , who defined ER as 'the extrinsic and intrinsic process by which individuals are able to monitor, evaluate and modify their emotions to accomplish their goal' (37) . This concept has been amplified to describe a process for modifying and maintaining feelings, behaviours and psychological features of emotions. In other words, ER refers to attempts to influence which emotions one has and how one experiences or expresses these emotions (34, 38) . Also, the Adaptive Coping with Emotions (ACE) model has explained how emotion dysregulation can occur and provided tools to enhance effective ER (39) . This new model is based on the acquisition of skills which help to maintain or restore mental health and to address aversive emotions. To summarise, ER is a common process that depends on certain skills and is frequently used in daily life to ensure personal well-being.
Psychological factors related to emotion regulation
ER is related to and interacts with other psychological factors. According to Gross (34) , ER along with coping and mood regulation concepts shape the affective regulation term. Coping is understood as responses to alleviate stress, whereas ER is conceptualised as an ongoing process that occurs under both stressful and non-stressful circumstances and is organised around specific emotions (i.e. sadness, fear, anger) and includes efforts to up-or down-regulate both positive and negative emotions (35, 36) . In contrast, mood refers to less specific and longer-lasting experiences and seems to be influenced by cognition more than by behaviour processes. Mood regulation may be distinguished from ER by its predominant focus on altering subjective feeling states (34) . Therefore, it is suggested that there is a considerable overlap among these regulatory processes (34) . Other factors are executive functions, which are important in the management of cognitive and behavioural processes including working memory, reasoning, task flexibility, inhibition capacity and impulsivity, problem solving, planning and execution (40) . Some studies have reported a direct link between executive function abilities and specific ER capacities (41) .
Interestingly, impairments of executive function have been reported in overweight adults (42) and also in children (43, 44) since it might contribute to eating styles (45) . Indeed, childhood disorders characterised by impaired executive function, such as attention-deficit/hyperactivity disorder, are associated with overeating and obesity (46, 47) . Self-regulation is a key factor related to ER and executive function that can be understood to include effortful control and impulsivity control. The concept of effortful control encompasses the abilities to inhibit or activate behaviours for the benefit of long-term goals; impulsivity is characterised by high reward sensitivity and a high deficit of response inhibition. These factors have a direct relationship with dietary restraint, in which efforts are made to suppress rewardbased impulses to eat in pursuing long-term weight goals (48) . Several studies in children have found that an increase in impulsivity, a decrease in inhibitory control and a higher reward sensitivity are associated with unhealthier food choices and overweight (49) (50) (51) (52) (53) .
Emotion regulation in children
Childhood and adolescence are two critical periods in the development of executive function, behaviour-regulation skills and consequently ER strategies. However, newborns and infants are capable of regulating their emotions. From the first days of life, using a neonatal self-regulation assessment, individual differences have been found in controlling negative emotions in a stressful environment (54) . At preschool age, children acquire a large range of strategies to manage their own mood and this ability is established in adolescence (55) . Parental influence is essential in the process of ER development, where parents serve as role models and influence the family atmosphere (56) . Children learn ER skills early through interactions with their parents or caregivers, as well as through family factors like family expressivity or communication (57) .
Also, a negative parental response to children's emotions teaches children to avoid rather than understand emotions and has been linked to inappropriate ER strategies (58) . Parenting styles characterised by 'high warmth and high control' have an influence on children's effective ER leading to greater self-efficacy, self-discipline and successful dealing with challenges (56, 59) . ER is essential to healthy psychological functioning. In children, it is an important predictor of risk behaviours (60, 61) and mental problems (60) , particularly those related to emotional problems (62) . Children who do not develop adequate ER strategies will be less able to survive in new environments where they face conflicts. The use of maladaptive ER can generate a vicious circle, since it may increase negative emotions which are involved in developing maladaptive strategies (39) .
Emotion regulation skills
According to the theory of adaptive coping cited above (39) , adaptive ER is conceptualised as a situation-dependent interaction between ER skills. The regulatory skills in this model are: awareness of emotions (i.e. the ability to identify and label emotions), understanding emotions (i.e. the ability to identify the causes and maintaining factors of emotions); acceptance and tolerance (i.e. the ability to accept and tolerate negative emotions when necessary); self-support and self-compassion (i.e. the ability to provide effective self-support and self-compassion in distressing situations by self-soothing, self-encouragement and active self-coaching); modifying emotions (i.e. the ability to modify emotions in an adaptive way, which includes self-efficacy) and readiness to confront (i.e. the ability to address situations likely to cause negative emotions). Enhancing or acquiring these skills helps in maintaining or restoring mental health and in approaching aversive emotions (63) .
A new model for the role of emotion regulation in obesity development
A discussion of findings in the field of ER and obesity is synthetised to provide evidence for the proposed model of the role of ER in obesity prevention and treatment. A schematic illustration of this model is given in Fig. 1 .
ER strategies have been classified as ineffective/maladaptive v. effective/adaptive, based on their immediate effects on affect, behaviour and cognition (30, 64) . Presence of stress or negative life events could cause emotional dysregulation and therefore increase the vulnerability to develop maladaptive ER strategies in modulating the negative emotion. Thus, it is not only the fact that individuals experience negative emotions but also the way in which they cope with them that may determine the emotional impact on weight gain. Only very few observational studies have assessed the relationship between ER and obesity in children. Therefore, related factors such as executive function and self-control, which include similar aspects of ER, have also been included in the overview shown in Table 2 (51,52, [65] [66] [67] [68] [69] [70] [71] . Although the evidence is modest, better ER-related skills were associated with a healthier diet (more fruit/vegetables and less snack food, although not all studies reported significant findings), higher physical activity and, in some cases, a healthier weight status.
Physiological mechanisms leading to obesity
Studies have shown that stress can increase overweight and the related adverse metabolic consequences through neuroendocrine changes (72) . Repeated activation of the hypothalamicpituitary-adrenal (HPA) axis mediates stress responses and increases cortisol secretion. This chronic cortisol hypersecretion may cause fat to accumulate in the visceral adipose tissues (73) through interaction with lipid homeostasis at several levels: lipolysis, adipogenesis, lipogenesis, and the regulation of circulating fatty acids (74) . However, intense acute or chronic stress might also lead to hypo-activation of the HPA axis, or hypocortisolism (72) . The cortisol response to stress is complex, but both hypo-and hypercortisolism may be harmful. According to a meta-analysis, HPA activity depends on the personal response to stress, since cortisol output increases with distress and decreases in individuals with post-traumatic acute stress (75) . Recent research in schoolchildren indicates that stress is associated with hypercortisolism (76) . Additionally, other findings point out that maladaptive ER induces cortisol reactivity (77) . Therefore, stress in combination with maladaptive coping strategies could lead to dysregulated cortisol secretion and obesity. Since cortisol is appetite-stimulating, it also increases appetite and the attraction to sweet and fatty foods, mainly by stimulating reward pathways or by influencing other hormones (76, 78) . Emotional eating: a mediator between emotional dysregulation and obesity Emotional eating and stress/emotions. In a stressful situation, some individuals will use maladaptive coping strategies such as eating mainly highly palatable and high-energy food to suppress negative emotions and stress (33) . According to the theory of emotional eating, the eating behaviour to deal with emotions is defined as emotional eating (79) . A poor emotional regulation leads to emotional eating in adults (31, 32, 80) . Studies consistently report that emotional eating is often followed by negative emotions, also in children (81) (82) (83) (84) (85) . Consequently, emotional eating is the result of self-inability to regulate emotions, and this maladaptive strategy might underlie the relationship between emotional dysregulation and obesity by modifying dietary intake (50, 51, 65) . Studies in children and adolescents have revealed an association between maladaptive ER strategies and emotional eating (83, (86) (87) (88) . However, different maladaptive strategies of ER have been assessed in these studies and this may lead to bias in the results. Harrist et al. (86) conducted a longitudinal study in 782 children and found that reactivity to anger and worry was consistently related to emotional eating. In this vein, maladaptive ER such as ruminative thinking increased the desire to eat in adolescents (88) .
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Emotional eating and food intake. Emotional eating leads to an unhealthier diet since it is suggested that food with high energy density can ameliorate negative affect or stress (89) . As a result, emotional eating increases the intake of sweet and fatty foods, or 'comfort food' (90) (91) (92) . In experimental studies, emotional eaters have been found to consume more sweet and fatty foods (93) (94) (95) in response to stress. Although there are fewer studies of child populations, the conclusions are often similar: emotional eating was associated with high intake of sweet and/ or fatty food in both observational (85, (96) (97) (98) and laboratory studies (95, (99) (100) (101) . Although these observational studies were cross-sectional, several were conducted on large samples and showed strong association (96) (97) (98) (99) . Moreover, sex appeared to play a role in the effect of emotional eating on food choices since females often tend to eat more sweet and fatty food. However, the possible interaction of sex and age remains unclear.
Emotional eating and obesity. Since emotional eating is related to less healthy dietary intake, it has been longitudinally linked to weight gain and obesity, especially in females (102, 103) . Although no significant relationship was observed in a small number of studies (104) , other studies identified a significant percentage of emotional eating in overweight children (81, 85, 105, 106) . Braet et al. (105) showed that in a large sample of children and adolescents 10·5 % of overweight children reported high scores of emotional eating. Especially in adolescence, the relationship becomes stronger in overweight females (105) with loss of control (81, 106) . Interestingly, obese individuals are also more vulnerable to emotional eating since, according to psychosomatic theory, they are unable to distinguish between hunger and negative emotions as a cause of their desire for food (107) . In addition, the cognitive load of coping with a negative emotion may overcome the self-regulation process so that obese individuals no longer maintain their selfcontrol. Therefore, emotional eating may have an important role in the development and maintaining of overweight and obesity.
Emotional eating and parental influence. Parents and family members influence children's food choices not only through food availability, eating patterns at home, and role modelling (108) , but also through other processes. Parental feeding practices could lead to unhealthy eating behaviours and childhood obesity (109, 110) , since parents can pressure children to eat or restrict their diet or can use sweets as rewards or to change their temperament. Children also learn from their parents' behaviour, for example by using food to calm negative emotion. A laboratory study conducted on twenty-five preschool children and their mothers showed that children of mothers who use food for ER consume more sweet palatable foods in the absence of hunger (111) . Similarly, a cross-sectional study in 497 children and mothers found that maternal feeding behaviours affect emotional eating in children (112) . These practices may have a negative impact on the development of self-regulation of eating, since children learn to use food as a strategy to cope with emotions and are likely to use the same maladaptive emotional eating later in their lives (111, 113) . Finally, it is strongly supported that certain parenting styles, such as the authority and permissive parenting style, increase the risk of overweight (59, 114) , especially those children who fail to delay gratification or have poor self-regulation (115) . Indeed, it has been suggested that ER mediates the relationship of parental attachment with emotional eating or unhealthy food consumption and sedentary activities in children (87, 112) .
Lifestyle: a mediator between emotional dysregulation and obesity
Stress and negative affect are linked to other aspects of obesityrelated lifestyle like sedentary behaviour and low physical activity. Children and adolescents with stress or negative affect may perform less physical activity due to decreased motivation and are likely to spend more time on sedentary activities like video games, Internet and television (98, 116, 117) . A recent review suggests that cognitive abilities and self-regulation may enhance active or inactive physical activity behaviours (118) . Indeed, a failure in ER or self-regulation might predispose to sedentary behaviour whereas successful self-regulation has been associated with more physical activity (65, 66) . Simultaneously, an individual could perform physical activity to deal with stressful states or negative emotions. In a representative Canadian sample (aged 15 years or over), 40 % reported using exercise for stress coping and these individuals were more likely to use positive coping strategies and less likely to use alcohol or drugs for coping (119) . Physical activity could play a role as an adaptive coping strategy and also increase well-being and efficient ER skills in adults (120) and adolescents (121) . This effect could be possible through neuro-hormonal mechanisms but also psychological and sociological aspects (122, 123) .
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Concurrently, stress and disturbed affective states may influence sleep patterns, causing difficulties in falling asleep or sleep disruption (124, 125) . Indeed, a comprehensive review described the bidirectional relationship between stress and sleep problems and their underlying pathways (126) . Ineffective ER strategies appear to be related to sleep disturbances, which reduce sleep quantity and quality. Since sleep problems may be associated with diminished self-regulation of appetite, they can increase the risk of overeating and obesity (126, 127) . In the other direction, sleep also plays a role in regulating cognitive and emotional processes. Poor sleep may negatively affect the ability of perception, processing and understanding emotional stimuli (126, 128) . A recent laboratory study showed that sleep loss affects adequate attention resources during an emotional task (128) . As a consequence, adequate sleep patterns could ameliorate negative emotions and be helpful in ER.
Enhancing emotion-regulation skills for prevention and treatment of obesity
Interventions in adults
Several intervention studies and randomised controlled trials have recently been conducted in adults to test the effectiveness of ER strategies in regulating obesity and food intake (129) . The most frequent strategies are based on the regulatory skills and correspond to new approaches within the cognitivebehavioural psychological therapies. So, mindfulness therapy, acceptance and commitment therapy, self-compassion therapy (loving-kindness therapy), emotionally focused therapy and dialectical behaviour therapy lead to less psychological distress (130) (131) (132) (133) (134) , fewer binge eating episodes (130, 131, 135) , less emotional eating (136) , fewer food cravings (136) (137) (138) , healthier eating patterns (131, 139) , weight loss (131, 132, 134, 138) , fewer personal barriers to physical activity (140) , and improved self-efficacy to weight loss (141) . Despite a few non-significant findings (142) , these strategies are a promising approach for obesity treatment and prevention.
Mechanisms of intervention
Mindfulness therapy encourages individuals to be nonjudgmentally aware of and to understand their emotions so that they can avoid maladaptive ER such as emotional eating (137) . Acceptance therapy could reduce frustration and food preoccupation because it increases the ability to tolerate aversive internal experiences (i.e. anger or sadness) (132) . Similarly to these therapies, dialectical behaviour therapy and emotionally focused therapy enhance identification, enabling individuals to accept and modify emotions adaptively. Self-compassion therapy is related to self-support and can help to reduce the sense of threat and stimulate a self-soothing system (143) .
The skills used in the several types of therapies are interrelated, and other individual positive factors should be encouraged simultaneously, such as self-empathy, self-esteem, assertiveness, self-efficacy and resilience. For example, selfcompassion and mindfulness are related to lower self-criticism since they enhance self-kindness, self-acceptance, self-empathy and self-esteem (39) . Through self-empathy, we develop a concern for our well-being, learn to be sensitive and tolerant of our distress, and develop a deep understanding of its roots and causes. Self-empathy is negatively associated with negative affect and stress and could help us to deal with weight and food stress in a non-judgemental/critical way and to develop selfwarmth (143) . Self-esteem also could be a mediator between emotional disorders and obesity (144) , since low self-esteem in childhood predicts weight gain (24) . So, good self-esteem could help to enhance self-encouragement and self-coaching, which enables individuals to modify their emotions and to confront negative situations. Along with these skills, assertiveness could be developed and be useful as a strategy of social relation, selfconfidence and coping. The ability to analyse and actively modify emotions improves emotional self-efficacy, which reduces stress and avoidance of aversive events. In addition, resilience, which is the capacity to deal successfully with disturbances, is related to awareness, acceptance and tolerance; it decreases vulnerability to negative emotion and boosts self-regulation abilities (i.e. impulse control). This emotional resilience and self-efficacy facilitates a disposition to experience emotionally challenging situations with additional opportunities to strengthen ER skills (39) . Later, Forman & Butyn (145) considered the acceptance-based intervention efficacious for weight control in individuals who are more susceptible to eating in response to internal and external cues (for instance, availability of unhealthy food). These skills included an ability to tolerate uncomfortable internal responses and a reduction of pleasure, behavioural commitment to clearly defined values, and conscience of decision-making process (145) .
Interventions in children
Systematic reviews of interventions show that successful childhood obesity interventions should be multidimensional, combining traditional strategies with behavioural and psychological approaches (2) . Nevertheless, few interventional studies have focused on emotional factors. One recent review of behavioural interventions reported that only a small number of intervention studies focused on stress management and emotional control training but that these studies were generally effective (146) . The latter-mentioned ER techniques have been applied in children and adolescents in the field of mental disorders but not in child obesity. Nevertheless, we have highlighted some intervention studies which could use methods with similar features of ER techniques such as calm down and awareness about feelings and deal with emotion in a healthy way.
In the field of childhood obesity prevention focusing on ER, to our knowledge there is only one pilot study and two ongoing studies (147) (148) (149) . A school-based pilot intervention translated specific components of a violence and substance abuse programme into a lifestyle intervention. This pilot programme included seven lessons focusing on teaching tools for controlling impulsiveness, recognising and adaptively dealing with stress, and analysing the effectiveness of possible solutions (147) . Although it was a short-term and non-randomised controlled study, the result was a significant change in positive attitudes
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Emotion regulation and childhood obesitytoward self-regulation of appetite and positive changes in food and lifestyle (147) . A randomised clinical trial and prospective study conducted in 779 adolescents and their parents applied a cognitive-behavioural skills intervention combined with nutrition education and physical activity. The programme included four of fifteen sessions on cognitive reappraisal, emotional and behavioural regulation, stress, coping, goal-setting and overcoming barriers to a healthy lifestyle (149) . This intervention indicated a positive impact on physical activity, BMI and psychological outcomes and also after 6 months, the participants had lower BMI (150) . Another school-based intervention study is currently being carried out in toddlers, combining a traditional obesity prevention programme with a programme to enhance self-regulation. The study teaches children tools for behavioural self-regulation and includes a parental intervention (148) .
In childhood obesity treatment, successful intervention studies have applied cognitive-behavioural therapy to encourage the development of effective ER (151) (152) (153) (154) (155) (156) (157) . One pilot interventional study applied a cognitive-behavioural skills-building programme in primary care services. The programme was carried out through seven telephone and clinical sessions, which included evaluation of emotional responses and behaviour. Although their results did not show an effect on BMI, they observed an increase in physical activity, healthy lifestyle behaviours and nutrition knowledge. Long-term results were mainly attained in children with supportive families (153, 154) .
Another interventional study conducted in thirty-one children aged 6-12 years and their parents showed positive persistent results since anthropometric parameters and energy intake were reduced and family habits and emotional and social problems were improved at 5 years follow-up (152) . Although these studies did not include a control group, their results are promising. Indeed, Sacher et al. (156) developed a randomised controlled trial through a multicomponent community-based childhood obesity intervention based on nutritional and behavioural change in 160 obese children and their parents. The intervention showed a reduction in waist circumference and BMI at 6 and 12 months post-intervention. Therefore, both clinical and community settings now support the development of childhood obesity programmes using ER-related skills.
Implications for prevention and treatment
Our model highlighted the role of ineffective ER in weight gain. Effective ER skills development could reduce vulnerability during emotional problems and distress, and avoid developing maladaptive ER strategies such as unhealthy eating behaviour related to obesity (i.e. emotional eating, sedentary behaviour). Therefore, future studies should urgently explore the impact of ER on obesity prevention and treatment by applying interdisciplinary interventions.
Implications for prevention
Given that the acquisition of healthy ER and dietary habits starts in infancy, prevention strategies should be implemented early in life and target the promotion of mental health, effective ER techniques and healthy lifestyle habits such as eating behaviour. Learning effective ER skills from an early age (i.e. as awareness and understanding emotions, acceptance of emotional distress and to learn to have a tolerance under frustration and negative feelings) could avoid children acquiring and developing maladaptive ER such as emotional eating when they feel overwhelmed by intense emotions or stressful events. These intervention approaches should be applied along with nutritional interventions through family-based community programmes, in primary care or in schools. Since parenting style and parental modelling influence children's ER and lifestyle, community obesity prevention programmes should provide support to parents for teaching conflict and negative emotion management techniques and also seek to actively involve parents and family members in changing their own behaviour. To integrate this approach into the school setting, teachers can act as health agents and ER, along with healthy eating habits and lifestyle, can be incorporated into the school curriculum. This type of curricular programme should focus on learning and encouraging awareness and understanding of feelings, identifying internal strengths and learning effective ER skills. Of course, ER programmes should be adapted to the children's age and should include working groups for parents, to reinforce the concepts and techniques that children learn in class and to help the parents face difficult situations they may encounter with their children. One such novel ER approach has been proposed for a school-based obesity prevention programme (158, 159) .
Implications for treatment
In obesity treatment, public health agents and paediatricians are encouraged to consider traditional weight-loss methods and nutritional recommendations along with ER intervention. Through ER-based intervention, barriers in the treatment progress such as shame and preoccupation with food can be targeted by fostering greater self-soothing, self-esteem, resilience and body acceptance. Additionally, families need to be aware of the emotional distress that overweight children suffer from. Consequently, the family should also be involved in the intervention to learn effective ER and how to resolve potential conflicts with the child.
Limitations in the interpretation of the model
Since the model presented in this study is intended to illustrate the potential role of ER in the development of obesity, other risk factors in the stress-obesity pathway have not been mentioned. First, it has been assumed that the associations between stress and obesity share genetic factors like polymorphism on the serotonin 5-HT 2C receptor gene, monoamine oxidase A, serotonin transporter gene or the fat mass and obesity associated gene (FTO gene) (160) (161) (162) . In addition, a recent review suggested that socio-economic disadvantages and family disharmony are a common starting point for weight gain and psychological distress in children (3) . At the same time, several prenatal, perinatal and postnatal factors (for example, toxics exposure, maternal nutrition, maternal stress, maternal psychopathology and negative events during early life) have been identified as obesity and/or neurodevelopmental risk factors (161, 163, 164) . Additionally, due to the multifaceted nature of the concept, ER has been discussed in the literature under other terms such as self-regulation, self-efficacy, effortful control, impulsivity and emotional eating. This lack of consistent terminology has hindered the literature search strategy and interpretation of studies.
Conclusion
Stress and negative emotions during childhood pose a major threat to public health, since they have been related not only to psychological disease but also to physiological disturbances such as obesity. Our model posits that ER -the process used to cope with negative emotions -is a fundamental link between childhood stress and obesity. The present review enhances knowledge of the mechanistic pathways between ER and eating behaviour and obesity by condensing existing studies to a visual research framework. Stress, combined with ineffective ER, could already be present in childhood and could cause abnormal cortisol patterns, emotional eating, decreased physical activity, increased sedentary behaviour and the onset of sleep problems. A healthy lifestyle, such as physical activity and adequate sleep, could show benefits on ER and in developing adaptive ER strategies. Parents also influence the development of ER and obesity in children, as role models and through their parenting style and parental feeding practice. Effective ER skills could decrease obesity-related unhealthy behaviour and enhance protective factors, which boost mental and physical health. As a result, effective ER could contribute to the prevention and treatment of childhood obesity. Although the literature is limited in child populations, some observational studies but few interventional studies on this relationship have been published whose findings are modest but promising. We proposed that psycho-educative intervention in ER training could increase the efficacy of prevention and treatment programmes of obesity. Therefore, encouraging adaptive ER could be an effective new approach, along with nutritional and physical activity intervention, in the fight against and the treatment of childhood obesity. Also, developing an effective ER could have effects on other health issues such as better well-being and preventing psychological problems in children. Based on the literature addressing the adult population, possible successful therapies include mindfulness-based stress reduction therapy, acceptance and commitment therapy or self-compassion therapy. Furthermore, protective factors could be stimulated, such as resilience, assertiveness, empathy, self-efficacy and selfesteem. Future ER interventions are needed to confirm the validity of this model in children. Scientists in the nutritional area should be encouraged to conduct more interdisciplinary studies on this nutrition-and obesity-related topic. 
